ABSTRACT Soil insecticides were evaluated in laboratory and Þeld studies against larvae of an insecticide resistant population (Phelps County, NE) of western corn rootworm, Diabrotica virgifera virgifera LeConte. Insecticide toxicity was evaluated by topical application of technical insecticides to 3rd instars from Saunders County, NE (susceptible) and Phelps County populations. Resistance ratios (LD 50 Phelps County/LD 50 Saunders County) for the insecticides methyl parathion, teßuth-rin, carbofuran, terbufos, and chlorpyrifos were 28.0, 9.3, 8.7, 2.6 and 1.3, respectively. Biochemical investigation of suspected enzymatic resistance mechanisms in 3rd instars identiÞed signiÞcant elevation of esterase activity (alpha and beta naphthyl acetate hydrolysis [3.8-and 3.9-fold]). Examination of 3rd instar esterases by native PAGE identiÞed increased intensity of several isoenzymes in the resistant population. Assays of cytochrome P 450 activity (4-CNMA demethylation and aldrin epoxidation) did not identify elevated activity in resistant 3rd instars. Granular soil insecticides were applied at planting to corn, Zea mays L., in replicated Þeld trials in 1997 and 1998 at the same Phelps County site as the source of resistant rootworms for the laboratory studies. In 1997, planting time applications of Counter 20CR, Counter 15 G (terbufos), and Lorsban 15 G (chlorpyrifos) resulted in the lowest root injury ratings (1Ð 6 Iowa scale); 2.50, 2.55, 2.65, respectively (untreated check root rating of 4.55). In 1998, all insecticides performed similarly against a lower rootworm density (untreated check root rating of 3.72). These studies suggest that resistance previously documented in adults also is present in 3rd instars, esterases are possibly involved as resistance mechanisms, and resistance to methyl parathion in adults is also evident in larvae, but does not confer cross-resistance in larvae to all organophosphate insecticides.
CORN ROOTWORMS (Diabrotica spp.) are a major insect pest of continuous corn, Zea mays L., in the midwestern United States. It is estimated that 50 Ð 60% of the total corn acreage in the United States is treated annually with soil insecticides for corn rootworm control (Levine and Oloumi-Sadeghi 1991) . Recently, populations of western corn rootworm, Diabrotica virgifera virgifera LeConte, in parts of the midwestern United States have adapted to the traditional management strategies of crop rotation and insecticide use. An apparent shift in adult western corn rootworm behavior has occurred in portions of Illinois and Indiana, resulting in signiÞcant levels of oviposition in soybeans and failure of rotation with soybeans as a management strategy Oloumi-Sadeghi 1996, Sammons et al. 1997 ). More recently, we have documented populations of adult western corn rootworms in Nebraska with resistance to methyl parathion and carbaryl insecticides , resulting in Þeld reports of insecticide failures. Resistance has been documented in Nebraska in areas where adult management (Meinke 1995 ) (use of foliar insecticides to control adult populations before oviposition occurs) has been practiced for many years.
Dosage-mortality bioassays of Nebraska populations of western corn rootworms have indicated that signiÞcant levels of resistance to methyl parathion and carbaryl insecticides in adults exists, with the highest frequency and levels being centered around York and Phelps counties in south central Nebraska . The distribution of adult resistance is associated with reports of control failures in the Þeld. Synergism bioassays of adult western corn rootworms using oxidative (piperonyl butoxide) and hydrolytic (S,S,S-tributyl phosphorotrithioate) detoxiÞcation enzyme inhibitors have suggested an involvement of these enzyme classes in resistance to both methyl This article reports the results of research only. Mention of a proprietary product does not constitute an endorsement or a recommendation by USDA for its use.
parathion (Miota et al. 1998 ) and carbaryl (Scharf et al. 1999) for representative York and Phelps county populations. Biochemical and metabolism-based investigations of methyl parathion resistance mechanisms also have supported the likelihood that oxidation and hydrolysis are involved in York and Phelps county populations. Biochemical results also indicate insensitive acetylcholinesterase as a minor mechanism of methyl parathion resistance in Phelps County beetles.
To date, our investigations of insecticide resistance in Nebraska populations of western corn rootworm have exclusively involved adults. Two important questions that remain are: does resistance and associated mechanisms extend to larvae, and if so, does this lead to a loss in soil insecticide efÞcacy? Using a population from an area where adult resistance is well documented (Phelps County, NE), the objectives of these studies were as follows: (1) to examine levels of larval susceptibility to commonly used soil insecticide active ingredients, (2) to examine oxidative and hydrolytic detoxiÞcation enzymes in larvae, and (3) to evaluate performance of soil insecticides in the Þeld.
Materials and Methods
Insect Populations. Adult western corn rootworms were collected in summer 1996 from a commercial corn Þeld near Holdrege NE (Phelps County), and from a corn Þeld at the University of Nebraska-Lincoln Agricultural Research & Development Center, near Mead, NE (Saunders County), and shipped to the USDAÐARS Northern Grain Insects Research Laboratory, Brookings, SD The resistance status of these populations has been previously documented based on topical bioassay procedures against adults (Meinke et al. 1998, unpublished data) . Standard procedures were used to collect and maintain eggs until termination of diapause and to rear F 1 larvae (Jackson 1986 ). Larvae were sent to the university for laboratory studies. The 1997 Þeld study was conducted in the same commercial corn Þeld in Phelps County from which beetles were collected in 1996. The 1998 Þeld study was conducted in a different Þeld on the same farm, Ͻ0.5 km away from the 1997 site.
Topical Application Bioassays. Five technical-grade insecticides were examined (% purity): methyl parathion (96.5%) (Chemical Services, West Chester, PA), teßuthrin (99%) (Zeneca, Wilmington, DE), carbofuran (98%) (FMC, Princeton, NJ), terbufos (99%) (American Cyanamid, Princeton, NJ), and chlorpyrifos (98%) (DowElanco, Indianapolis, IN). Insecticide dilutions in acetone (0.5 l) (Ͼ99.5% purity; Baxter Diagnostic S/P acetone, DeerÞeld, IL) were applied to the dorsal abdomen of individual 3rd instars, and control larvae were treated with 0.5 l of acetone alone. The treated larvae were held in petri plates (50 by 9 mm) supplied with, Þlter paper (42 mm diameter, Whatman #2) moistened with 200 ml water, and sealed with ParaÞlm (American National Can, Neenah, WI). Mortality was scored after holding plates at 20ЊC for 24 h in darkness, and was assessed by an inability of larva to withdraw its head by probing with a dissecting needle. Third instars were chosen because of our ability to individually treat larvae of this size, which provided the most information from the limited number of larvae available.
For each insecticide, 4 Ð 6 concentrations were tested, causing mortality which ranged from 1 to 100%. Six replicates of 10 larvae each were performed for each concentration and control, to give total sample sizes (n) of 240 Ð350 per insecticide bioassay. Thirty randomly selected larvae were weighed per bioassay so that dose could be calculated on a body weight basis (ng insecticide/mg body weight). Dose-mortality data were analyzed by probit analysis as adapted for PC use (POLO PC) which automatically corrected for control mortality by AbbottÕs transformation (LeOra Software 1987) . Resistance ratios were calculated for each insecticide by dividing the LD 50 values of the resistant Phelps County population by those from the susceptible Saunders County population. ConÞdence intervals for resistance ratios were calculated by the method of Robertson and Preisler (1992) , and were used to test the signiÞcance of resistance ratios at the 95% level of conÞdence. With this test, if the 95% conÞdence interval calculated for a ratio does not include 1.0, a signiÞcant difference exists between the values being compared (Robertson and Preisler 1992, Scharf et al. 1995 (pH 7.8) for esterase activity assays. Buffer C: 0.1 M sodium phosphate ϩ 0.1% Triton X-100 (pH 7.8) (Sigma) for esterase native PAGE. Homogenizations were performed using a Teßon glass Potter-Elvehjem type homogenizer, and homogenate was centrifuged for 20 min at 12,000 ϫ g and 4ЊC. Supernatants were Þltered through glass wool and used directly in assays or loaded onto gels. Protein content was estimated using a commercially available bicinchoninic acid kit (Pierce, Rockford, IL), following the manufacturerÕs instructions, and bovine serum albumin (Sigma) as a standard.
Cytochrome P 450 -Dependent Aldrin Epoxidation Assays. Aldrin epoxidation activity was measured by quantifying the conversion of aldrin to its epoxide, dieldrin (Siegfried and Mullin 1988) . The 0.5-ml incubation mixture (with Þnal concentrations) in 0.1 M potassium phosphate buffer, pH 7.4, included aldrin (Ͼ99% purity, Crescent Chemical, Hauppage, NY) (0.05 mM) introduced in 5 l ethanol, NADPH [nicotinamide adenine dinucleotide phosphate] (reduced form) (Sigma) (1.0 mM) and 100 l of 12,000 ϫ g supernatant. After a 1-min preincubation at 31ЊC, NADPH was added and the reaction proceeded for 20 min with shaking. A combined 2,2,4-trimethylpentane extract (2 by 0.5 ml) of the assay mixture was dried over anhydrous sodium sulfate and analyzed with dieldrin (Ͼ99% purity, Crescent Chemical, Hauppage, NY) standards by gas liquid chromatography. Activities based on peak areas were calculated relative to controls lacking NADPH.
Cytochrome P 450 -Dependent 4-CNMA Demethylation Assays. Metabolism of the model substrate 4-chloro-N-methylaniline (4-CNMA; Aldrich, Milwaukee, WI) was initiated by combining 50 l of 12,000 ϫ g supernatant and 250 l of demethylation assay reaction mixture [Tris-HCl (0.4 M, pH 7.5), NADPH (1.8 mM), 4-CNMA (1.5 mM) in ethanol (20% vol:vol) , and Tween-20 (EIA grade; Bio-Rad, Hercules, CA) at a volume equivalent to that of substrate in ethanol] (Kupfer and Bruggerman 1966) . Blank reactions contained all components except that an equivalent volume of Tris-HCl was substituted for NADPH. The reaction proceeded for 15 min with shaking at 37ЊC, and was terminated by adding 375 l of demethylation assay stop solution [p-dimethyl-aminobenzaldehyde (15 mg/ml) in 1.0 N sulfuric acid]. Microcentrifuge tubes containing the stopped reaction were centrifuged for 15 min at 12,000 ϫ g and 4ЊC.
The product, 4-chloroaniline, was quantiÞed by comparing absorbance of supernatants at 445 nm to simultaneously determined standard curves (0 Ð50 (mol) in a DU-65 spectrophotometer (Beckman, Palo Alto, CA).
Naphthyl Acetate Esterase Assays. NonspeciÞc esterase activity was assayed by quantifying the production of ␣ or ␤ naphthol (Sigma) from the substrates ␣ or ␤ naphthyl acetate (Sigma) using the general method of Van Asperen (1962) . Reaction mixtures consisted of 10 l of 12,000 ϫ g supernatant, 2 l substrate solution in acetone (25.0 mM) and 188 l buffer B. Reactions proceeded in microplate wells for 15 min at 30ЊC and were terminated by the addition of 33 ml of 0.3% (wt:vol) Diazo blue B (Sigma) in 3.5% (wt:vol) sodium lauryl sulfate. After allowing color to develop for 15 min, absorbance was measured at 600 nm in a microplate reader (Bio-Tek, Winooski, VT), and the concentration of hydrolyzed substrate was calculated from standard curves of ␣ or ␤ naphthol.
Native PAGE. Nondenaturing polyacrylamide gel electrophoresis (Native PAGE) was performed in a vertical electrophoresis unit (Bio-Rad Protean II, Richmond, CA) using an 8% (acrylamide) separating gel and 4% stacking gel with a discontinuous Trisglycine buffer system. Samples of 12,000 ⅐ g supernatant prepared in buffer C were diluted 1:1 with 50 mM Tris-glycine buffer (pH 8.3) containing 20% sucrose (wt:vol). Individual wells were loaded with a volume of enzyme extract containing 5 g protein; 0.1% Bromophenol Blue in 10% sucrose was used as a marker in each gel. Gels were run at 120 V for 1 h at 4ЊC. Esterase bands were visualized by incubating the gels in 49 ml of a staining solution consisting of 0.02 M sodium phosphate buffer (pH 7.0), 20 mg Fast Garnet GBC salt (Sigma), and 1 ml of 30 mM ␣ or ␤ naphthyl acetate in acetone. press wheel (T-band). Additional details of the Þeld conditions, and experimental procedures are described in DeVries et al. (1998) . After most of the larval feeding had occurred (23 July 1997, 7 July 1998), 5 plants were dug from each plot, and roots were washed and rated for rootworm injury using the Iowa 1Ð 6 root injury scale (1, no feeding; 6, 3 or more root nodes completely destroyed) (Hills and Peters 1971) . Insecticide efÞcacy was evaluated based on root injury ratings and the percentage of plants rated 3 or less on the 1Ð 6 scale (percentage consistency). Percentage consistency data were converted using the angular transformation before analysis. EfÞcacy data were analyzed by analysis of variance (ANOVA) for randomized complete block design, with mean separation by Ryan Q test (P ϭ 0.05) (SAS Institute 1985) .
Results
Insecticide Bioassays. At the LD 50 level, signiÞcant differences in resistance ratios (P Ͻ 0.05) were observed in the Phelps County population to all insecticides examined (Table 1) . LD 90 resistance ratios were very similar to those at LD 50 , which is a direct result of the similarities in slope between the resistant and susceptible populations (Table 1 ). All LD 90 resistance ratios also were signiÞcant (P Ͻ 0.05), with the exception of the O-ethyl-substituted organophosphate terbufos. The highest resistance ratio observed was to the O-methyl-substituted organophosphate methyl parathion (LD 50 resistance ratio ϭ 28.0). Lower resistance ratios (i.e., Ͻ3-fold) were observed with 2 O-ethyl-substituted organophosphates (terbufos and chlorpyrifos).
Enzyme Activity Assays and Native PAGE. Enzyme activity assays were conducted to quantify the speciÞc activity of suspected enzymatic resistance mecha-nisms toward model substrates (Table 2) . Cytochrome P 450 -mediated aldrin epoxidation and 4-CNMA. Ndemethylation activity were signiÞcantly reduced (t ϭ 2.11, df ϭ 17, P Ͻ 0.05) and nonsigniÞcantly elevated (t ϭ 2.13, df ϭ 15, P Ͼ 0.05), respectively, in the resistant Phelps County population. NonspeciÞc esterase-mediated metabolism of the model substrates (␣ and ␤ naphthyl acetate indicated signiÞcant (t ϭ 1.98, df ϭ 102, P Ͻ 0.05 for both) elevations in activity by these enzymes (3.8-and 3.9-fold, respectively). Results of native PAGE of 12,000 ϫ g supernatants, incubated with either ␣ or ␤ naphthyl acetate, conÞrm results of esterase activity assays (Fig. 1) . Elevated activity of 3 isozymes was observed in the Phelps County population; however, no substantial differences in staining intensity were apparent between the 2 substrates.
Field Evaluation of Soil Insecticides. In 1997, there was relatively high rootworm pressure at the Holdrege site; the untreated plots averaged 4.55 on the 1Ð 6 scale (Table 3 ). Although the relationship between root injury ratings and yield is quite variable, ratings of Ͼ3 suggest the potential for economic loss (Mayo 1986 ; see also Gray and Steffey 1998) . Based on root injury ratings, all insecticides signiÞcantly reduced root injury compared with the untreated control. However, based on percentage consistency of root ratings Force 3 G was not signiÞcantly different than the untreated check. Three insecticides applied at planting (Counter 15 G, 20CR, and Lorsban 15 G) provided statistically similar levels of root protection (all with root injury ratings of Ͻ3), had 95% consistency of root ratings and were the best treatments in 1997 (Table 3 ). The active ingredients of these products (Counter 15 G and 20CR; terbufos, Lorsban 15 G; chlorpyrifos) are both ethyl-substituted organophosphate insecticides.
There was lower rootworm pressure (untreated controls averaged 3.72) in 1998 compared with 1997 (Table 3) . Under these conditions, all granular insecticides provided signiÞcantly lower root injury ratings and higher percentage consistency values than the untreated control, with no signiÞcant differences among the treatments.
Discussion
Insecticide Toxicity, Enzyme Activity, and Native PAGE. Results of all laboratory investigations agree with previous results obtained for Phelps County adults. The Phelps County population examined here began experiencing Þeld-control failures following Ͼ10 yr of adult exposure to an encapsulated methyl parathion formulation (Wright et al. 1996) . Methyl parathion resistance was subsequently documented in Phelps County adults using topical applications (16.4-fold resistance; Meinke et al. 1998) , and lethal con- a Enzyme activity per min per mg protein based on metabolism of the model substrates: aldrin (aldrin; pmol), 4-CNMA (4-chloro-Nmethylaniline; nmol), ␣ NA (alpha naphthyl acetate; nmol) and ␤ NA (beta naphthyl acetate; nmol).
b Ratios of Phelps County (R) to Saunders County (S) enzyme activity. *, SigniÞcantly different by paired t-tests (P Ͻ 0.05, n ϭ 6 Ð10 replicates). Aldrin epoxidation: t ϭ 2.11, df ϭ 17, 4-CNMA demethylation; t ϭ 2.13, df ϭ 15, ␣-NA: t ϭ 1.98, df ϭ 102, ␤-NA: t ϭ 1.98, df ϭ 102. centration vial bioassays (25.7-fold resistance; Miota et al. 1998) . Results of the current topical application-LD bioassays conÞrm that this resistance extends to larvae, but does not result in equal cross-resistance to other insecticides from the organophosphate, carbamate, or pyrethroid classes. Trends in topical toxicity data further indicate that O-methyl-substituted organophosphate insecticides (i.e., methyl parathion) are more highly tolerated than those which are O-ethyl-substituted (i.e., terbufos and chlorpyrifos). Similar trends suggesting higher-level resistance to O-methyl-substituted organophosphate insecticides (methyl parathion, dimethoate) also were previously noted in adult Phelps County beetles (Miota et al. 1998) .
Biochemical investigations of oxidative (i.e., cytochrome P 450 monooxygenases) and hydrolytic en- Fig. 1 . Native polyacrylamide gels containing 5 g electrophoresed proteins per lane, stained for esterase activity using the substrates ␣ or ␤ naphthyl acetate and Fast Garnet GBC salt. Esterases from the insecticide-resistant Phelps County population stained more intensely than those of the susceptible Saunders County population for either substrate. 3, third instars; A, adults. (Hills and Peters 1971) . Means sharing a letter in common not signiÞcantly different (P ϭ 0.05), Ryans Q test. 1997: F ϭ 28.68; df ϭ 3,7; P ϭ 0.001. 1998: F ϭ 19.56; df ϭ 3,6; P ϭ 0.001. c (% of roots Յ 3). Data converted by angular transformation before ANOVA; data shown are original percentages. Means sharing a letter in common not signiÞcantly different (P ϭ 0.05), Ryans Q test. 1997: F ϭ 13.30; df ϭ 3,7; P ϭ 0.001. 1998: F ϭ 6.34; df ϭ 3,6; P ϭ 0.01. zymes (i.e., esterases) identiÞed signiÞcant elevation of only hydrolytic enzymes. Oxidative enzyme activities in larvae showed different patterns than those noted earlier for adults (Miota et al. 1998) . SpeciÞ-cally, adult aldrin epoxidase activity was nonsigniÞ-cantly increased 1.5-fold over the susceptible Saunders County population in the Phelps County population, whereas there was nonsigniÞcantly reduced 4-CNMA demethylation activity. Results for larvae indicate a signiÞcant 0.5-fold decrease in aldrin epoxidase activity, but a nonsigniÞcant increase in 4-CNMA demethylation activity. At the present time, it is not possible to identify the roles, if any, of these differences in cytochrome P 450 enzyme activity on the observed resistance.
Hydrolytic enzyme activity in larvae was elevated toward both ␣ and ␤ naptholic esters, as previously observed for adults (Miota et al. 1998) . Additionally, native PAGE identiÞed 3 isozymes which were more intense in the Phelps County than susceptible Saunders County larvae, and are assumed to be responsible for the elevation of in vitro activity. Larval esteraseisozyme patterns also were similar to those noted here and earlier for adults, which also were shown to be interacting with the bioactive metabolite methyl paraoxon rather than the parent thiophosphate, parathion (Miota et al. 1998) .
We assume methyl parathion-selection pressure on larvae to be virtually nonexistent (there are no commercial products labeled for soil application with this active ingredient); therefore, it is likely that the same resistance-conferring mechanisms are implicated in larvae and adults. Currently, esterases have been identiÞed as the most consistent factor between the 2 life stages. However, other stage-dependent physiological factors cannot be excluded as mechanisms in the 1.7-fold increase in resistance levels of 3rd instars in comparison with adults (Phelps County larval RR 50 ; 28.0 [ Table 1 ]: Phelps County adult RR 50 ; 16.4, ]). For example, cytochrome P 450 -dependent aldrin epoxidase activity was previously observed to be elevated 6.4-fold in fed adults in comparison with 3rd instar western corn rootworms (Siegfried and Mullin 1988) . If an accompanying reduction in cytochrome P 450 -dependent bioactivation of methyl parathion to methyl paraoxon (Miota et al. 1998) were associated with this decrease in oxidative activity, a corresponding increase in tolerance could result.
Field Trial. In general the results of the 1997 Þeld study (Table 3) were similar to the results of the laboratory topical application study (Table 1) ; planting time applications of Counter 15 G, Counter 20CR, and Lorsban 15 G resulted in the lowest root injury ratings, and Force 3 G resulted in signiÞcantly higher root injury ratings, but all had root injury ratings signiÞcantly better than the untreated control. Based on root ratings, Aztec 2.1 G, Fortress 5 G, and Dyfonate 15 G also performed signiÞcantly better than the untreated control and were signiÞcantly less effective than Counter 15 G, 20CR, or Lorsban 15 G, but were not evaluated in laboratory studies. However, Þeld performance of soil insecticides is inßuenced by many variables in addition to insect susceptibility (e.g., application timing, temperature and moisture, soil type, calibration, rootworm population pressure, microbial degradation) (Levine and Oloumi-Sadeghi 1991) . The 1998 Þeld results (Table 3) show that under lower rootworm pressure, all the products tested provided equivalent and commercially acceptable levels of root protection.
Previous studies have used soil bioassays against newly hatched 1st instars to assess larval susceptibility to soil insecticides (Chio et al. 1978 , Sutter 1982 , Monke et al. 1985 , Monke and Mayo 1990 . We chose to use a topical bioassay against 3rd instars to make maximal use of a limited number of larvae, to reduce labor and time needed to conduct bioassays, and to avoid variability caused by soil texture and soil moisture inßuences. It is interesting that a topical bioassay of 3rd instars using technical-grade insecticide provides similar results to a Þeld study. Soil insecticides applied as formulated products at planting exert toxicity on early-instar rootworm larvae. The similar response in laboratory and Þeld studies suggests the possibility that larval resistance mechanisms are not age-speciÞc.
Management Implications. In areas of Nebraska where resistance to methyl parathion or carbaryl in the adult stage has been documented , Scharf et al. 1999 , growers have 2 general management options: crop rotation or use of insecticides targeted at adult or larval stages (Meinke 1995) . Crop rotation is the primary nonchemical control option currently available, and has the beneÞt of reducing selection pressure for insecticide resistance. The results of these studies are signiÞcant in that they document that some organophosphate insecticides (terbufos and chlorpyrifos) are still highly effective when used as planting time treatments against methyl parathion-resistant larval corn rootworms. Other commercially available granular insecticides applied at planting provided acceptable levels of root protection against the lower rootworm population in 1998. However, based on results of our laboratory and Þeld studies, the possibility exists for reduced control against resistant larval populations, especially in situations with high rootworm densities.
In continuous corn, use of soil insecticides when the economic threshold is exceeded may have some advantages over adult control from a resistance management perspective because only a portion of the Þeld is treated (planting time insecticides are applied infurrow or as an 18-cm band). Because of this, some larvae are able to survive on roots outside of the treated area. Previous research (Sutter et al. 1991 ) has shown that depending on the insecticide and environmental conditions (particularly soil moisture), adult emergence may be reduced 16 Ð 81% by planting time soil applications compared with an untreated control. Thus, soil insecticides may provide a withinÞeld refuge that allows survival of a variable percentage of unselected rootworms, and maintenance of susceptible alleles in a population.
Because both adults and larvae exhibited elevated levels of esterases in resistant populations, selection of one life stage may have an impact on resistance expressed in another stage. For example, even where crop rotation is the primary control strategy for corn rootworms, foliar insecticides (e.g., methyl parathion) used against other pests (e.g., European corn borer [Ostrinia nubilalis Hü bner]) during the period of adult rootworm activity (late JulyÐAugust) may inßu-ence future resistance levels of adult and larval rootworms. We speculate that this may have played a role in the development of resistance in the York County populations , where adult corn rootworm control has not been used as frequently as in Phelps County, but historically has commonly had economic populations of European corn borers. Conversely, use of B. t. transgenic corn hybrids may reduce selection pressure against rootworms by replacing use of foliar applications of insecticides previously targeted against European corn borers.
